ABSTRACT Electrophoretic analysis of the major seed protein, GI globulin, from four strains of Phaseolus vulgaris L. revealed a three-banded pattern for two strains having a high methionine content (BBL 240 and PI 302,542). The other two strains (PI 207,227 and P1 229,815) known to have a lower seed methionine content, had a two-banded subunit pattern for the GI globulin. Analytical ultracentrifugation confirmed that globulin from the two-banded strains underwent pHdependent reversible dissociation similar to that previously found for a three-banded cultivar; additionally, the protomer molecular weight showed that three subunits of about 50,000 molecular weight each were present in the GI globulin of the two-banded strain. Gel patterns of Gl globulin from the two strains used as parents, BBL 240 and PI 229,815, showed differences in the largest subunit, which appeared as either a 53,000 molecular weight polypeptide known to be present in the three-banded strain, or While soybeans have the highest protein content and economic value, the oil present in these seeds is a hindrance to protein studies, and seeds of Phaseolus vulgaris L. were selected as the preferred material. Dry seeds of P. vulgaris contain 20 to 30% protein by weight, depending on the cultivar (5). Of this protein, 50 to 75 % is globulin (requiring appreciable salt for solubility) which can be separated into two fractions. In Osborne's studies on legumes he adopted the term legumin (first used by Braconnot in 1827) for the fraction requiring the highest level of salt for solubility, and coined the term vicilin for the fraction soluble in lower salt concentrations (9). Through the years, misuse of these terms has occurred; they have been applied to proteins from many genera despite the differing properties of protein in a given fraction from species to species. To avoid the resulting confusion, we designated the globulin fraction which first precipitates on addition of water to a saline solution of P. vulgaris protein as the Gl fraction, and the second fraction (obtained by extensive dialysis) as the G2 fraction (7).
Protein from legume seeds is a major food source. While useful increases in the productivity of other crops have been realized in the past decade, little or no enhancement has been attained for legumes in the last 20 years (4) . Breeding beans having higher protein content and enhanced amino acid balance has been difficult primarily because of the complex nature of the seed proteins. Despite the long history of studies on legume proteins, starting with the extensive work of Osborne (8) and colleagues, we felt that a clear picture was lacking, and that a reappraisal of the biochemistry and physiology of these proteins was necessary. 1 This study was While soybeans have the highest protein content and economic value, the oil present in these seeds is a hindrance to protein studies, and seeds of Phaseolus vulgaris L. were selected as the preferred material. Dry seeds of P. vulgaris contain 20 to 30% protein by weight, depending on the cultivar (5) . Of this protein, 50 to 75 % is globulin (requiring appreciable salt for solubility) which can be separated into two fractions. In Osborne's studies on legumes he adopted the term legumin (first used by Braconnot in 1827) for the fraction requiring the highest level of salt for solubility, and coined the term vicilin for the fraction soluble in lower salt concentrations (9) . Through the years, misuse of these terms has occurred; they have been applied to proteins from many genera despite the differing properties of protein in a given fraction from species to species. To avoid the resulting confusion, we designated the globulin fraction which first precipitates on addition of water to a saline solution of P. vulgaris protein as the Gl fraction, and the second fraction (obtained by extensive dialysis) as the G2 fraction (7) .
Despite the apparently simple separation of the two globulin fractions on the basis of solubility, great difficulty has been experienced in obtaining them free from traces of cross-contamination. We developed an acidic extraction procedure (7) which achieves this goal, permitting characterization of the Gl and G2 globulin fractions (15) . Recent articles (12, 18) have described separation of globulins using zone precipitation, which performs the same function as our isoelectric separation, but is lengthier and limits the amount of material that can be handled.
Although the G2 fraction gives a single boundary sedimenting at 6.6S in the analytical ultracentrifuge (16), it is not homogeneous, and contains several growth-inhibiting substances. This fraction has a high content of sugar-containing proteins, and a major component, glycoprotein I (10), possesses hemagglutinating properties, i.e., it is a lectin. Purification of lectin from Phaseolus that is lethal to quail has also been described by Andrews with intermittent stirring for 3 hr at 25 to 27 C, then centrifuged at 20,000 rpm in a JA-20 rotor on a Beckman J-21 centrifuge for 15 min. The supernatant was decanted immediately into five volumes of distilled H20 (4 C) when a white precipitate of the GI globulin was obtained. This was pelleted by centrifugation (20,000 rpm for 15 min at 4 C), then redissolved in 0.5 M NaCl and washed free of ascorbate by a further cycle of centrifugation. The GI pellet was finally dissolved in 0.5 M NaCl, the volume being one-fifth that of the original extraction solution. Protein purity and concentration (A2761% = 10) were determined from the UV absorption spectrum on a Beckman DK 2A spectrophotometer. All purified Gi samples were adjusted with 0.5 M NaCl to a protein concentration of 5 mg/ml.
Electrophoresis. The Gi protein was dissociated into its polypeptide subunits by adding an equal volume of a solution containing 9 M urea, 3%c (w,v) SDS, and 3%vc (v/v) 2-mercaptoethanol and heating for 3 min in a boiling water bath. The subunits were electrophoretically separated on 5%O (w/v) SDS-urea acrylamide gels as described previously (14) . Gels were run at 9.5 mamp/tube for 6.5 hr. The separated peptides' were stained with Coomassie brilliant blue (17) .
Analytical Ultracentrifugation. This was done as described previously (16) . from sections of 55 seeds of the resulting F2 generation was electrophoretically analyzed for subunit composition. The observed segregation ratio among F2 seeds based on the gel patterns did not deviate statistically from a predicted 1:2:1 (three-intermediate'/two-banded) ratio ( (5, 6) . The electrophoretic profile for the two strains high in methionine (BBL 240 and PI 302,542) was typically three-banded, whereas that for the lowermethionine strains (PI 229,815 and PI 207,227) was two-banded (Fig. 2) . If a useful correlation between the appearance of GI globulin subunits and seed methionine content exists, electrophoretic screening for this character will greatly assist in the improvement of legume protein. Preliminary experiments (J. Romero, unpublished) show that it is not necessary to purify the GI globulin (as was done in this study) for large scale screening, since differences in the polypeptide banding pattern can be seen from crude extracts of the total seed. As shown (Fig. 1 f and g, Fig. 2 , and Table I) .
At the molecular level, the simplest explanation for the observed banding patterns is that PI 229,815 is homozygous for a gene which transcribes and translates to yield a polypeptide subunit smaller by about 50 amino acid residues than the 53,000 mol wt subunit coded by the allele in BBL 240. The F, seed is heterozygous at this locus, and it appears that each allele is translated in roughly equal amounts. In an accompanying article the cell-free translation of the subunits of Gl protein is reported (13) . As mentioned above, there are indications that some strains of P. vulgaris show maternal and other influences on the inheritance of the subunits of the major seed protein. Confirmation of the mechanisms controlling these differences in GI protein subunits should be possible by refinement of the studies in vitro. Combination of biochemical evidence with genetical data will provide a sound basis for meaningful improvement of the nutritional value of legume protein.
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